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A TORQUE-LIMITING COUPLING DEVICE 

5 A/\ 

The present invention relates to a torque-limiting coupling device of the kind defined in the 
preamble i 

A coupling device of the kind in question is disclosed in WO 90/0023 1. This known device 
generally functions well. Devices of this kind are often used in steel rolling mills between a 
drive nrotor, for instance an electric motor, and a roll. The power transferred may be in the 
order of 30,000 kW. Idling costs in respect of such a rolling mill may lie in the order of up 
to 100,OOo\EK/hour. 

In the case of me areas of use concerned, the device is triggered with a relatively low 
frequency, for instance a frequency in the region of once every five years to 300 annually. 
A typical activatmg frequency is twenty times per annum. 

Basically, the couplmg device comprises two axially, generally cylindrical interacting 
surfaces on two interacting parts in the form of a cylindrical sleeve and a cylindrical shaft 
respectively, wherein me sleeve is in a torque-transmitting frictional contact with the shaft 
for transmission of torqute up to a corresponding limit, after which the sleeve begins to 
slide or slip relative to thashaft. The frictional engagement can be adjusted to a selective 
level with the aid of some \uitable technique. For instance, the sleeve may include a 
concentric ring-chamber thai can be placed under pressure. The coupling device includes 
one or more pumps that functoon to pump liquid from a liquid store to the gap between the 
interacting surfaces, such thatXhe liquid will form a hydrostatic layer together with said 
interacting surfaces. The pumpaare intended to be driven by relative rotation between said 
parts. As a result of pumping liquid in between the mutually co-acting surfaces, said 
surfaces are able to slide relative tV one another immediately the set torque is exceeded. 
This enables damage to the couplin^levice and to the motor or rolling mill to be avoided. 
A torque-limiting coupling device of mis known kind need only rotate through barely one 
revolution in order to generate an hydrostatic layer for which the torque is reduced to a 
-le-wLsktee tu 2,11 u. 

When the device is triggered, it is necessary to stop the drive completely. The pumps in 
the coupling device will then stop pumping liquid (oil) in between the mutually interacting 
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surfaces. This enables the liquid to drain away through channels, wherewith the factional 
engagement between said mutually interacting surfaces is re-established within the space 
of about 1 minute. The torque limit can be chosen within a wide range, and can be set with 
a high degree of accuracy, for instance ± 10% from a desired value. The coupling device 
also has compact dimensions. 

Problems associated with this known device reside in the possibility of all or part of the 
liquickoil contained in the device leaking away before the device is triggered, or caused by 
a changfe in the properties of the oil with time, contamination of the oil with particles that 
10 can be fo\ned, for instance, in conjunction with triggering the device and that clog valves, 
filters, and\isturb or interfere with the function of the device, and so on. 
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There is thereWe a certain risk that this known device will malfunction when triggered. 
05 MalfimctioningW the device would mean that the mutually interacting surfaces would not 

H 15 be separated sufficiently and that insufficient oil would be pressed in between the 

N interacting surfaces. The malfunction may then cause a very high torque to be transferred 

ry ^ \ 

a via the device in spite of everything else, therewith resulting in damage to the motor and 

O driven equipment for distance, and also such as to cause serious damage to the coupling 

Q device itself. Particularly with a view to the consequence of such a malfunction (compare 

2 20 the idling cost), the type\>f device concerned has not found particularly wide use in 

pj practice, despite the ability of the device to enable automatic and fast resetting with normal 

triggering of the device, arm thereby a fast return to plant operation after having removed 

or rectified the triggering ca^se. 

25 An object of the invention is to provide a further development of the device for limiting the 
effect of a device malfunction, and thus limit the temporary shutdown time required for the 
arrangement to reset the device subsequent to a malfunction occurring when the device is 
triggered as a result, for instance, of insufficient oil being pumped in between the mutually 
interacting surfaces of the device. 
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This\bject is achieved with a device according to Claim 1. 

Further embodiments of the device will be apparent from the accompanying dependent 
Claims. 
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Whereas the interacting surfaces of the conventional device are comprised of lightly 
alloyed carbon steel that has been nitrogen case hardened to a depth of about 0.3 mm and 
has a hardness of about 700 Vickers, it is now proposed in accordance with the invention 
that one of said parts carries a surface layer which defines one of the interacting surfaces 
and which is comprised of a material that has a substantially lower plasticizing limit than 
the interacting surface of the other part. The surface layer may have a thickness of some 
millimetres, for instance 5 mm, and may, for instance, be comprised of a tin-copper alloy 
of the tombak kind, i.e. 90% Cu, 10% Sn, 1% Pb, for instance. Such an alloy has an elastic 
limit of about 100 N/m 2 . The surface layer may also include cavities in the form of grooves 
on its free surface. These grooves are able to form liquid distribution channels for the 
bearing function. Alternatively, the cavities in the outer layer may contain other recesses or 
hollows. The reason for these cavities in the surface layer is to ensure that the surface layer 
material, for instance when melting, has a volume that is smaller than the space between 
sleeve and shaft originally occupied by the surface layer. Because the plasticization is 
meant to eliminate the transmission of power between sleeve and shaft, the cavities in the 
surface layer will preferably be dimensioned to take into account the fact that the inner 
diameter of the sleeve decreases when relieved of load, and that the outer diameter of the 
shaft increases when the load on the shaft is removed, such that the space available for the 
surface layer will decrease. The layer material shall thus preferably have a net volume that 
is smaller than the volume for the space between sleeve and shaft after eliminating the 
radial stress therebetween, and also with respect to the temperature conditions when 
plasticizing or melting the surface layer (i.e. corresponding volume deviations in respect of 
the surface layer, the sleeve and the shaft) so that the sleeve is able in principle to rotate 
free from contact with the plasticized surface layer subsequent to relative rotation between 
the sleeve and the shaft. This reduces the risk of the surface layer material being supplied 
with energy in such quantities as to cause the material to melt as a result of relative rotation 
between the two main parts of the coupling device. 

Plasticization of the surface layer causes successive reduction in the liquid limit or yield 
stress of the surface layer material. This surface layer enables the torque that is transferred 
when the hydrostatic bearing function cannot be maintained to be limited. The power 
transmission between the input shaft of the coupling device and its output shaft can be 
monitored and stopped with the aid of external means, for instance by detecting a possible 
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difference in the speed between the input and output pans of the device, for limiting the 
relative rotation between said parts. 

The invention is effective in preventing damage to the driven equipment and also to the 
driving equipment, and also limits damage to the torque-limiting device. 

Thkcoupling can be readily renovated subsequent to plasticization (melting of the surface 
layerkby heating said layer and that part (the shaft) that carries the surface layer. Because 
the surface layer is comprised of material (tombak) that has a high coefficient of thermal 
expansionkhe layer will loosen from the base of said part (the shaft) and easily drawn off 
the shaft. A replacement surface layer in the form of a tombak-sleeve can be simply 
inserted into/pushed over the part concerned (10, 20) and fastened thereto by means of a 
glue joint, for insflmce, this joint being destroyed by the heat applied in the renovating 
process or in conjunction with plasticization of the surface layer. 

The invention will now be described by way of example with reference to the 
accompanying drawing. 

Fig. 1 is a schematic axial sectioned view of a torque-limiting coupling device. 

The^evice illustrated in Figure 1 is based fundamentally on the device according to WO 
90/002^1, the teachings of which are incorporated in this document. 

The coupling device basically comprises a cylindrical trunnion 10 and a sleeve 20 that 
embraces theVinnion/shaft 10, said shaft 10 and sleeve 20 have respective flange 
connections 1 1 akd 21 for connecting up a drive system, for instance a large electric motor 
and a roll belonging to a steel rolling mill. The sleeve 20 has an inner surface 22 that co- 
acts with an outer suVace 12 on the shaft 10. There is included in the sleeve wall an oil 
chamber A that can be\laced under pressure by pumping-in oil at a pressure, e.g., in the 
range of 0-50 mPa, to caVe frictional engagement at the interface B between the mutually 
co-acting surfaces 12, 22. Tfoe frictional grip and the maximum torque that can be 
transferred are determined b^he oil pressure in the chamber A. After pumping oil into the 
chamber A via a filling channeYa valve (not shown) in the channel (not shown) is closed. 
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Th&cylindrical part 20 includes a hub 30 which is mounted for rotation co-axially with the 
part 20. The hub 30 carries on its outside a bearing 5 which is eccentric with respect to the 
hub axle. A number of oil pumps 3 operate radially between the bearing 5 and an inner 
surfaca of said part. The pumps have associated channels 4 through which oil is pumped to 
the inteMace B, for instance to its longitudinal centre region. The oil spreads along the 
interfaceVid can, for instance, be collected-up via a channel 41 at one end of the interface 
B and retAned to the pump space. A quantity of oil may be enclosed internally in the pump 
space, so as\o be sucked up by respective pumps immediately and pressed out to the 
interface B umpn relative rotation between the parts 10, 20. The pumps 5 will be set into 
operation upon such relative rotation, owing to the eccentricity of the outer surface of the 
hub 30 (the eccetatric position of the bearing 5 relative to the parts 10, 20). The part of the 
shaft 10 that co-aMs with the sleeve 20 has a surface layer 50 of tombak (90% Cu, 10% Sn, 
1% Pb). The layer M has grooves 51 in its free main surface. The grooves 51 may also be 
utilised as oil distributing channels for distributing oil from the pumps 3. Oil is pumped 
from the pump 3 to theiongitudinal centre region of the interface B, via the channel 40, 
and flows from there axisMy to both ends of the interface B, as shown by the arrows in the 
Figure. A flow of oil is transferred directly to the pump chamber, and an oil part-flow is 
collected via the channel 41 extending back to the oil pump chamber. 

There is located between the sha\ 10 and the sleeve 20 a space which is filled completely 
by the layer 50, with the exception \f the grooves 51 in said layer. The grooves 51 also 
serve to receive parts of the layer 50 mat are plasticized as a result of relative rotation 
between the parts 10, 20. The surface 2\ of the part 20 is comprised of steel and co-acts 
with the tombak surface of the layer 50. The tombak layer 50 is able to transfer the torque 
at normal torque. However, when the torqukload exceeds the pre-set value, the steel 
surface 22 will begin to slide relative to the totabak layer 50. The friction heat and/or the 
relative movement causes the layer 50 to deform rapidly, as a result of plasticization or 
melting. The grooves 51 enable the material in th\ surface of the layer 50 to be displaced 
radially in a direction away from the surface 22. THje net volume of the layer should be 
accommodated appropriately in the space between tRe sleeve and the shaft, subsequent to 
the sleeve and shaft having been relieved of load in a mdial direction and in view of the 
state and temperature of the deformed surface layer. This reduces the risk of the material 
50 receiving so much energy as to cause the material to rtalt. The plasticization results in a 
successive reduction in the liquid limit of the material. Normally, the material 50 will not 
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pass inip a molten phase. As a result of plasticization of the material 50 and the 
displacement of said material, the power transmission between the parts 10, 20 will be 
limited if t\e pumps 3 are not able to pump oil into the interface B. 
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5 The frictional\ngagement between the shaft and the sleeve can, of course, be established 
with means other than pressurising the hydraulic chamber A as in the illustrated 
embodiment. FoAnstance, the sleeve and the shaft may be conical and driven axial ly 
together so as to achieve a chosen frictional grip, i.e. a chosen upper torque transmission 
limit. When the sleeve and the shaft have pre-selected dimensions to achieve a given 

10 frictional grip, the griAcan be achieved by so-called heat shrinkage or by press-fitting the 
sleeve to the shaft. When the frictional grip is eliminated, i.e. when the radial stress 
between shaft and sleeve\s removed, the outer diameter of the shaft will increase and the 
inner diameter of the sleevfe will decrease. The outer layer should therefore be dimensioned 
so that its net volume can b&accommodated, with a given margin, in the space between the 

15 sleeve and the shaft when theVriction joint has been eliminated, i.e. when the load on the 
sleeve and the shaft has been removed radially. Thus, by forming the outer layer 50 with a 
material that has a relatively lo\Aplasticizing limit, it is possible to trigger an initial 
rotation between the parts 10, 20 ra the absence of an oil film therebetween, at a relatively 
low torque limit that, nevertheless, Ides above the torque limit established by the friction 

20 grip between the parts 10, 20 as a result of the initial plasticization of the surface layer 

material. The material 50 can be said t\ form a lubricant in the interface between shaft and 
sleeve. When ensuring that the surface lWr can be accommodated in the resultant gap 
between sleeve and shaft after having relieved the same of load in a radial direction, the 
transfer of energy to the material of the lay\r 50 is minimised, as is also the transmission of 

25 energy between the shaft and the sleeve. 



30 




In order for the surface layer to be able initially\o transfer energy between said two parts, 
on the one hand, and to collapse and take a state of considerable smaller radial thickness, 
on the other hand, the outer layer may also includeWier recesses or hollows additional to 
the functional grooves on its free surface, for instance pores or the like, in its initial state. 
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